Keywords: Epilepsy Brain metabolism TCA cycle Acetyl-coenzyme A Glutamate Glutamine GABA GLUT1 GLUT-1 Glucose transporter Ketones Fatty acids EEG Brain glucose supplies most of the carbon required for acetyl-coenzyme A (acetyl-CoA) generation (an important step for myelin synthesis) and for neurotransmitter production via further metabolism of acetylCoA in the tricarboxylic acid (TCA) cycle. However, it is not known whether reduced brain glucose transporter type I (GLUT-1) activity, the hallmark of the GLUT-1 deficiency (G1D) syndrome, leads to acetyl-CoA, TCA or neurotransmitter depletion. This question is relevant because, in its most common form in man, G1D is associated with cerebral hypomyelination (manifested as microcephaly) and epilepsy, suggestive of acetyl-CoA depletion and neurotransmitter dysfunction, respectively. Yet, brain metabolism in G1D remains underexplored both theoretically and experimentally, partly because computational models of limited brain glucose transport are subordinate to metabolic assumptions and partly because current hemizygous G1D mouse models manifest a mild phenotype not easily amenable to investigation. In contrast, adult antisense G1D mice replicate the human phenotype of spontaneous epilepsy associated with robust thalamocortical electrical oscillations. Additionally, and in consonance with human metabolic imaging observations, thalamus and cerebral cortex display the lowest GLUT-1 expression and glucose uptake in the mutant mouse. This depletion of brain glucose is associated with diminished plasma fatty acids and elevated ketone body levels, and with decreased brain acetyl-CoA and fatty acid contents, consistent with brain ketone body consumption and with stimulation of brain beta-oxidation and/or diminished cerebral lipid synthesis. In contrast with other epilepsies, astrocyte glutamine synthetase expression, cerebral TCA cycle intermediates, amino acid and amine neurotransmitter contents are also intact in G1D. The data suggest that the TCA cycle is preserved in G1D because reduced glycolysis and acetyl-CoA formation can be balanced by enhanced ketone body utilization. These results are incompatible with global cerebral energy failure or with neurotransmitter depletion as responsible for epilepsy in G1D and point to an unknown mechanism by which glycolysis critically regulates cortical excitability.
Introduction
Glucose is the major carbon and energy source of nerve cells, supporting brain growth and neural excitation (Schurr, 2002) . GLUT-1, the glucose transporter of capillary endothelial cells located at the blood brain barrier (BBB), facilitates the passive flux of glucose from blood to brain (Wang et al., 2006) . Within neural tissue, GLUT-1 is also responsible for astrocyte glucose transport. Thus, brain glucose flux into any brain region is determined, at least in part, by flux through an undetermined series of GLUT-1-containing cell membranes, together with glucose flux taking place in parallel via intercellular diffusion. In contrast, the transporter isoform GLUT-3 is predominantly expressed by neurons and facilitates the uptake of glucose from the brain's intercellular milieu, such that GLUT-1 insufficiency can potentially impact the metabolism of both glia and neurons (Carruthers et al., 2009 ). In man, heterozygous mutation of GLUT-1 leads to chronic hypoglycorrhachia (decreased cerebrospinal 
